THE NEURAL CREST
The vertebrate neural crest forms during neurulation, when the flattened neural epithelium, or the neural plate, thickens and subsequently invaginates to form the neural tube. Initiation of neural crest migration from the dorsal midline of the neural tube occurs in a head-to-tailward (rostrocaudal) sequence, shortly after tube closure. The neural tube gives rise to the central nervous system, consisting of the brain and the spinal cord. Neural crestcellsemerge from the neural tube, migrate extensively, and form most elements of the peripheral nervous system, as well as facialcartilage, pigment cells, and neuroendocrine cells. Upon departing from the dorsal surface of the neural tube, neural crest cells enter a cell-free zone that is rich in extracellular matrix molecules.
Although they are readily detectable in this cell-free zone, they soon intermix with and become morphologically indistinguishable from tissues through which they migrate.
To follow their migration as a function of time, it has been necessary to label neural crest cells using a variety of cell marking techniques. A) An embryo fixed 2 h after receiving a focal injection of Dii into r3. The injection was performed at the 9-ss and the embryo was fixed at the lO-ss. The injection site is visible within the confines of r3 (between arrowheads).
A few Dil-labeled cells already have dispersed from the initial injection site, and are seen migrating both rostrally and caudally but not laterally. B) An embryo injected into r3 at the 8-ss, in which Diilabeledcells have moved from r3 in a caudolateral stream rostral to the otic vesicle (OT), fusing with the stream emanating from r4. C) An embryo injected in r4 at the 12-ss; many Dil-labeled neural crest cells coursed ventrolaterally into the second branchial arch. D) An embryo injected into r5 at the li-ss, in which the Dil-labeled cells (arrows) have moved both rostrally and caudally around the ode vesicle, fusing with neural crestcells derived from r4 and r6 ( (Fig. 3B) and 2) cells from rotated r4 enter the mesenchyme adjacent to r3 whereas normal r3 neural crest cells do not invade this mesoderm. One consequence of grafting the rhombomeres is that a small, ectopic otic vesicle often forms adjacent to rotated r4
after grafting it to a new position (see Fig. 5B ). In most embryos containing such an extra veside, Dil-labeled neural crest cells move directionally toward these otic vesicles. Similarly, they move toward a grafted (Fig. 3C 
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an ectopic site (31, 32). Based on these expression studies, the combination or code of gene expression has been proposed to specify both rhombomeres and their neural crestderivatives at neural plate stages and thus underlie the patterning of the branchial arches (Fig. 4) :' Figure 5 . Whole-mount view of an embryo after Dii injection into r5 followed by in situ hybridization with a Krox-20 probe. After fixation, the Di! was photoconverted to a brown precipitate. (42) and tenascin, although the latterappears as a consequence rather than a cause of neural crest migration (43) . Another tissuethat appears to be inhibitoryfor migrating neural crestcellsisthe notochord. Ventrally migrating neural crest cells in the trunk migrate throughout the rostral somitic sclerotome, with the exception of the region surrounding the notochord.
In tissue culture experiments, Newgreen (44) found that neural crest cells avoided the region surrounding notochords with which they were cocultured, suggesting that the notochord produces a substance that inhibits neural crest migration.
We have implanted a length of quail notochord lateral to the neural tube of 2-day-old chicken embryos in order to examine the potential inhibitory effects of the notochord in vivo. Neural crest cells were observed to avoid the implanted notochord, consistent with the possibility that itinhibitstheirmigration (Fig. 7) 
